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M E T H A N E  DRAINAGE STUDY I N  T H E  SUNNYSIDE C O A L B E D ,  U T A H  

by 

Jw Hw Perry, Gw Nw Aul, 2 and Joseph Cervi k 3 

ABSTRACT 

The Bureau of Mines i s  conduc t ing  r e s e a r c h  t o  determine t h e  e f f e c t i v e n e s s  
of long h o l e s  i n  d e g a s i f y i n g  a n  a r e a  of t h e  Upper S p l i t  of  t h e  Lower Sunnyside 
coa lbed  a t  K a i s e r  S t e e l  CO. ' s  Sunnyside No. 1 mine.  These h o l e s  were d r i l l e d  
from t h e  two o u t s i d e  e n t r i e s  of a  s e c t i o n  t h a t  was c l o s e d  t o  mining because  of 
e x c e s s i v e  methane emiss ions .  

Two h o l e s  d r i l l e d  t o  430 and 450 f e e t  produced i n i t i a l  gas  f lows of  
160,000 and 127,000 c f d ,  r e s p e c t i v e l y .  S i x t e e n  days a f t e r  t h e  complet ion of 
t h e  second h o l e ,  t h e  t o t a l  gas  p roduc t ion  d e c l i n e d  t o  j u s t  over  144,000 c f d .  
I n  9  months of d e g a s i f i c a t i o n ,  over  35 MMcf of commercia l -qual i ty  gas  has  been 
removed from t h e  coa lbed .  The combined g a s  f lows d e c l i n e d  t o  106,000 c f d  i n  
t h e  9-month p e r i o d .  The two h o l e s  have reduced f a c e  emiss ions  by abou t  40 p c t .  

INTRODUCT I ON 

The Bureau of  Mines has  demonstra ted t h a t  removing methane from v i r g i n  
c o a l  by use  of long h o l e s  i n  advance of mining reduces  t h e  amount of g a s  e n t e r -  
i n g  t h e  mine d u r i n g  advancement ( L ) . ~  To d a t e ,  most of t h i s  r e s e a r c h  has been 
c o n c e n t r a t e d  i n  t h e  E a s t e r n  Uni ted S t a t e s  (6 ) .  

The r a t e  a t  which gas  f lows through c o a l  i n t o  e i t h e r  t h e  mine e n t r y  o r  a  
h o r i z o n t a l  h o l e  depends on t h e  gas  p r e s s u r e  i n  t h e  c o a l b e d ,  f r a c t u r e  perme- 
a b i l i t y  and p o r o s i t y ,  and d i f f u s i v i t y  c o e f f i c i e n t .  The P i t t s b u r g h  c o a l b e d ,  
which has  a  r e l a t i v e l y  h i g h  p e r m e a b i l i t y ,  has  a  measured i n  s i t u  p r e s s u r e  of 
275 p s i  (1). This  means t h a t  l a r g e  amounts of  gas  can  be removed from t h e  
c o a l  through long h o l e s  d r i l l e d  i n  t h e  seam. Two demons t ra t ion  p r o j e c t s  con- 
duc ted  i n  t h e  P i t t s b u r g h  coalbed have removed more t h a n  1 . 8  b i l l i o n  c u b i c  f e e t  
of methane.  Methane flows through f a c e s  of a  s e c t i o n  have been reduced by 
70 p c t ,  and about  700 MMcf of t h e  gas  has  been s o l d  c m e r c i a l l y  (2-4). 

P h y s i c i s t .  
2 ~ e o l o g i s t .  

Superv i sory  g e o p h y s i c i s t  . 
A l l  a u t h o r s  a r e  w i t h  t h e  P i t t s b u r g h  Mining and S a f e t y  Research C e n t e r ,  Bureau 

of Mines,  P i t t s b u r g h ,  Pa. 
4 ~ n d e r l i n e d  numbers i n  p a r e n t h e s e s  r e f e r  t o  i tems i n  t h e  l i s t  of r e f e r e n c e s  a t  

t h e  end of t h i s  r e p o r t .  



The o b j e c t i v e s  of t h i s  t e s t  a r e  t o  d r i l l  two long h o l e s  t o  determine t he  
methane flow p o t e n t i a l  of t he  Upper S p l i t  of t he  Lower Sunnyside coa lbed ,  t o  
e s t a b l i s h  a  d e c l i n e  curve f o r  t he  two h o l e s ,  and t o  observe t h e  e f f e c t s  of 
d e g a s i f i c a t i o n  on methane flows through t h e  f a c e s  of t he  s e c t i o n .  
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DRILL SITE 

This  p r o j e c t  was designed t o  degas i fy  t he  18 Dips s e c t i o n  of Kaise r  
s t e e l ' s  Sunnyside No. 1 mine, Sunnyside,  Utah ( f i g .  1 ) .  The coalbed i n  t h e  
a r e a  of 18 Dips i s  gassy  and has been c losed  t o  mining f o r  more than  a  yea r .  

0 

Scale, feet 

FIGURE 1. - Locat ion of study area at the Sunnyside No. 1 mine. 



Mine personnel  t r i e d  t o  degas i fy  t h e  a r e a  w i t h  two s h o r t  ho l e s .  These h o l e s ,  
85 and 95 f e e t  deep,  were d r i l l e d  perpendicu la r  t o  the f ace  c l e a t  ( f i g .  2 ) .  
The combined gas flow from these  two ho le s  over a  per iod  of 1 year  averaged 
55,000 c f d .  

Figure 2  shows t h e  l o c a t i o n  of the  two long h o r i z o n t a l  ho les .  Hole 1 was 
s t a r t e d  30 f e e t  outby t h e  face  of t he  r ightmost  e n t r y  and was d r i l l e d  a t  an  
angle  of about 20° of f  the  e n t r y ' s  heading. Hole 2  was loca ted  i n  an  o f f s e t  
i n  t h e  l e f t  ou t s ide  r e t u r n ,  about 110 f e e t  outby the  f a c e ,  and was d r i l l e d  
d i r e c t l y  i n  l i n e  wi th  t h e  e n t r y  heading.  This s e c t i o n  of t he  mine d ips  about 
5"  below h o r i z o n t a l  i n  t h e  d i r e c t i o n  of s e c t i o n  advance. The face  c l e a t  d i r e c -  
t i o n  i s  a t  90° t o  the  d i r e c t i o n  of s e c t i o n  advance. 

LEGEND 
D Stopping 
ff Stopping 

Face cleat Scale, ft 

FIGURE 2. - Location of holes dr i l led in  18 Dips section. 



DRILLING PROCEDURE 

A 30-hp e l e c t r o h y d r a u l i c  h o r i z o n t a l  d r i l l  was used t o  d r i l l  t h e  ho l e s  
( f i g .  3 ) .  For each h o l e ,  a  6-inch-diam hole  was d r i l l e d  t o  a  depth of 22 f e e t ,  
and a  20-foot l e n g t h  of 4-inch schedule  40 pipe was grouted i n  p lace .  When 
g rou t ing  was completed, a  Bureau-designed s t u f f i n g  box and a  4-inch f u l l -  
por ted  va lve  were a t t a c h e d  t o  t he  p ipe  ( f i g .  4 ) .  The s t u f f i n g  box i s  designed 
t o  s e p a r a t e  t h e  gas from water  and d r i l l  c u t t i n g s  du r ing  d r i l l i n g .  E i t h e r  a  
three-bladed , 3-518-inch-diam d rag  b i t  o r  a  3-518-inch r o l l e r  b i t  was used,  
followed by a  check v a l v e ,  a  3-7116-inch c e n t r a l i z e r ,  a  20-foot-long NQ d r i l l  
c o l l a r ,  ano ther  3-7116-inch c e n t r a l i z e r ,  and BQ d r i l l  rods  (2). 

A Sperry-Sun s ing l e - sho t  survey inst rument  was used t o  determine t he  
i n c l i n a t i o n  of t he  ho l e  (1). I n i t i a l l y ,  surveys were taken  every 20 f e e t  t o  
determine t h e  proper d r i l l i n g  parameters .  T h e r e a f t e r ,  survey i n t e r v a l s  were 
i nc r ea sed  t o  30 f e e t ,  and t hen  t o  50 f e e t .  

During d r i l l i n g ,  the  i n c l i n a t i o n  of the  ho le  could  be changed by changing 
t he  amount of t h r u s t  app l i ed  t o  t he  d r i l l  s t r i n g .  A t h r u s t  of 1,800 pounds 
would drop t h e  b i t  lo every 40 f e e t .  A t h r u s t  of  2,400 pounds would r a i s e  t he  
b i t  lo every 50 f e e t .  

A d r a s t i c  d i f f e r e n c e  i n  t h e  p e n e t r a t i o n  r a t e s  was observed between t h e  
two h o l e s .  For ho l e  1, b i t  p e n e t r a t i o n  r a t e  averaged 36 ipm; f o r  ho l e  2 ,  i t  
averaged only 6  i p m .  Hole 1 was d r i l l e d  w i th  one d r ag  b i t .  A r o l l e r  b i t  had 
t o  be used i n  hole  2  a f t e r  only 200 f e e t  of d r i l l i n g  w i th  a  drag b i t .  No 
n o t i c e a b l e  d i f f e r e n c e  i n  t he  p e n e t r a t i o n  r a t e s  was observed between t he  two 
types  of b i t s  i n  ho l e  2.  Apparen t ly ,  t he  hardness  of t he  coalbed changed 
d r a s t i c a l l y  over  t h e  d i s t a n c e  of 350 f e e t  t h a t  s epa ra t ed  t h e  ho l e s .  Samples 
of c o a l  were taken  from each d r i l l i n g  s i t e  t o  t e s t  f o r  hardness .  The Hard- 
grove G r i n d a b i l i t y  Index f o r  samples taken from both s i t e s  was t he  same. To 
d a t e ,  we have been unable t o  e x p l a i n  t h e  d i f f e r e n c e  i n  p e n e t r a t i o n  r a t e s .  

When d r i l l i n g  of each ho le  was completed, about  400 f e e t  of 1-112-inch 
p l a s t i c  p ipe  was i n s e r t e d ,  which w i l l  be used t o  g rou t  t he  ho le  i n  t h e  f u t u r e .  
Then t he  s t u f f i n g  box was removed, and each h o l e  was connected d i r e c t l y  t o  a  
4-inch p i p e l i n e  ( f i g .  5 ) .  



FIGURE 3. - Horizontal dr i l l ing at Sunnyside No. 1 mine. 

FIGURE 4. - Stuffing box and 4-inch valve on grouted pipe. 



FIGURE 5, - Completed hole. 

METHANE FLOW FROM THE HOLES 

A l l  methane and a i r  volume flows a r e  r epo r t ed  a t  condi t ions e x i s t i n g  a t  
the  mine. The e l e v a t i o n  of the  mine i s  about 6,150 f e e t  a b w e  sea  l e v e l ,  and 
t h e  temperature of methane i n  the  coalbed i s  about 52' I?. 

Hole 1 

The quan t i t y  of methane produced from the  f i r s t  180 f e e t  of ho le  1 was 
determined by measuring the  inc rease  i n  methane concent ra t ion  i n  the r e t u r n  a i r  
( t a b l e  1 ) .  During the  i n t e r v a l  of d r i l l i n g ,  methane was being d i f f u s e d  ac ros s  
t h e  r e t u r n  e n t r y .  Measurements were made a t  v e n t i l a t i o n  s t a t i o n  1 ( f i g .  6 ) .  
P r i o r  t o  d r i l l i n g ,  t h e  methane concen t r a t ion  i n  the  r e t u r n  was about 0.9 p c t .  

TABLE 1. - V e n t i l a t i o n  d a t a ,  s t a t i o n  1 

(37,500 cfm a i r ,  62.5-sq-ft  a r e a )  



FIGURE 6. - Ventilation diagram of the face of 18 Dips. 

A smal l  q u a n t i t y  of methane was produced d u r i n g  t h e  f i r s t  150 f e e t  of 
d r i l l i n g .  The flow r a t e  from the  ho l e  was 18,900 c f d  (491,000 minus 472,500 
c f d ) .  During the  next  30 f e e t  of d r i l l i n g ,  t h e  methane f low r a t e  increased  
d r a m a t i c a l l y  from 18,900 t o  108,000 c f d .  The low flow from t h e  f i r s t  150 f e e t  
of t h e  h o l e  i s  probably due t o  d e g a s i f i c a t i o n  by ho l e s  d r i l l e d  e a r l i e r  by t h e  
company. A t  180 f e e t ,  d r i l l i n g  was suspended because t h e  concen t r a t i on  of 
methane i n  the  r e t u r n  had reached 1 p c t .  By i nc rea s ing  t h e  flow of a i r  t o  t h e  
s e c t i o n  from 37,000 t o  53,000 cfm and by duc t i ng  methane from the  s t u f f i n g  box 
d i r e c t l y  i n t o  t h e  4- inch p i p e l i n e ,  t h e  methane concen t r a t i on  i n  t h e  r e t u r n  was 
reduced t o  about 0 .8  p c t .  D r i l l i n g  was resumed and cont inued t o  a  depth of 
430 f e e t .  A t  t h i s  t ime ,  methane was leak ing  from the  s t u f f i n g  box, because 
t h e  f r i c t i o n a l  r e s i s t a n c e  t o  flow i n  t he  4-inch p i p e l i n e  increased  back pres -  
s u r e  a t  t h e  s t u f f i n g  box. This  leakage r a i s e d  t h e  methane l e v e l s  i n  t h e  
r e t u r n  t o  1 pc t  , and d r i l l i n g  was t h e r e f o r e  t e rmina ted .  

\/ 

Station 1 

h 
V \ 

Hole 1 was c lo sed  i n  f o r  3  hours  t o  monitor i t s  gas p r e s su re  bu i ldup .  
The maximum p re s su re  was 13.5 p s i g .  Immediately a f t e r  t h e  ho le  was perma- 
n e n t l y  connected t o  t h e  4- inch p i p e l i n e ,  i t s  i n i t i a l  f low was 160,000 c f d .  
A f t e r  34 days ,  t h e  flow had dec l i ned  t o  69,000 c f d ;  a f t e r  5  months i t  was 
60,000 c f d  ( f i g .  7 ) .  Methane flows from t h e  ho l e  were determined by measuring 
t h e  d i scharge  v e l o c i t y  a t  t h e  end of t h e  p i p e l i n e  i n  t h e  r e t u r n  a i r  s h a f t  w i t h  
an anemometer. This measured v e l o c i t y  was c o r r e c t e d  t o  a  t r u e  average v e l o c i t y  
which was determined by a  l abo ra to ry  t e s t  w i th  a i r  f lowing through a  4-inch- 
diam p ipe .  Because t h e  anemometer i s  c a l i b r a t e d  f o r  a i r  measurements, t h e  
p i p e l i n e  flow measurements were a l s o  co r r ec t ed  f o r  gas d e n s i t y  (0.55 s p e c i f i c  
g r a v i t y )  (I). 
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FIGURE 7. - Methane decline curves for holes 1 and 2. 
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Hole 2 

Before ho le  2 could be d r i l l e d ,  a second 4-inch-diam p i p e l i n e  was l a i d  
from t h e  d r i l l  s i t e  t o  t h e  r e t u r n  a i r  s h a f t .  During t h e  d r i l l i n g  phase,  
methane flow from t h e  ho le  was discharged from the  s t u f f i n g  box d i r e c t l y  i n t o  
the  p i p e l i n e .  
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Flows from t h i s  ho le  were measured i n  t h e  same way a s  f o r  ho le  1. The 
f i r s t  100 f e e t  of ho l e  produced l i t t l e  gas because i t  p a r a l l e l s  an ad j acen t  
e n t r y  ( f i g .  2 ) .  A t  a depth of 190 f e e t ,  gas  product ion  increased  t o  49,000 c fd  
and a t  360 f e e t  i t  was 58,000 c f d .  A t  t he  f i n a l  depth of 450 f e e t ,  the  gas  
flow was 127,000 c f d .  

I 
- I  

Fourteen days a f t e r  completion of ho le  2 ,  i t s  flow dec l ined  from 127,000 
t o  77,000 c f d .  For 5 months t h e  flow has remained near  77,000 c fd  ( f i g .  7 ) .  
Waterflow from hole  2 i s  n e g l i g i b l e .  Table 2 g ives  t h e  composition of t h e  gas  
from both  ho l e s .  

- 

- 

TABLE 2. - Analyses of gas  from ho le s  1 and 2 a t  18 Dips 

ND Not determined. 

Composition 
Methane ........................... pet*. 

Ethane . . . . . . . . . . . . . . . . . . . . . . . . . . . . p  c t . .  
Propane . . . . . . . . . . . . . . . . . . . . . . . . . . . p  c t . .  
Oxygen ............................ p c t .  
Nitrogen .......................... p c t . .  
Carbon d ioxide .  ................... pc t  
Btu .................................... 
S p e c i f i c  g r a v i t y  ....................... 

Hole 1 
99.24 

0.28 
0.03 

0 
0.65 

0 
1,005 
0.56 

Hole 2 
99.24 

0.08 
0.03 
0.60 
0.30 

0 
1,009 

ND 



GAS EMISS IONS FROM FACES 

The two holes  d r i l l e d  i n  advance of t he  s e c t i o n  i s o l a t e  t he  c o a l  between 
them and prevent  methane from e n t e r i n g  t h i s  r eg ion  from t h e  l e f t  and r i g h t .  
I n  the  d i r e c t i o n  of the  h o l e s ,  methane t h a t  i s  f lowing toward the  f aces  w i l l  
be d i v e r t e d  t o  one of t h e  ho l e s  before  reaching t h e  mine opening (2). Conse- 
q u e n t l y ,  gas  flow through t h e  f aces  of t h e  s e c t i o n  d e c l i n e s  ( f i g .  8 ) ,  bu t  not  
a s  d r ama t i ca l l y  a s  expected.  

A f t e r  completion of hole  1, f ace  flows dec l ined  r a p i d l y  from a va lue  of 
about 160 t o  100 cfm a f  t e r  15 days ( f i g  . 8 )  . Hole 2 appears  t o  have had 
l i t t l e  o r  no e f f e c t  on methane f ace  f lows.  Over a  4-month p e r i o d ,  f ace  flows 
have remained between 90 and 100 cfm. This l ack  of e f f e c t  i s  d i f f i c u l t  t o  
exp la in .  

Gas-bearing s t r a t a  a r e  known t o  e x i s t  above and below the  Upper S p l i t  of 
t h e  Lower Sunnyside coalbed.  A gassy 2- foot - th ick  r i d e r  seam e x i s t s  w i t h i n  
2 f e e t  of t h i s  coalbed.  Methane i s  encountered during roof b o l t i n g .  I n  t he  
f l o o r ,  t he  Lower S p l i t  of the  coalbed (4 t o  5 f e e t  t h i c k )  i s  w i t h i n  2 t o  
3 f e e t  of t h e  Upper S p l i t  of t he  coalbed.  Methane has  been observed bubbling 
through water  near  t he  f aces  of the  s e c t i o n .  The e f f e c t  of t he se  methane 
sources  on flows a t  t he  f aces  of t he  s e c t i o n  i s  unknown. Geological  s t u d i e s  
a r e  being conducted t o  o b t a i n  a  b e t t e r  understanding of the  l o c a t i o n  and 
e f f e c t s  of the gas-bear ing s t r a t a .  
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FIGURE 8. - Methane f lows through face. 



SUMMARY 

The two ho l e s  d r i l l e d  i n  18 Dips have proved e f f e c t i v e  i n  d r a i n i n g  
commercial -qual i ty  methane from the  Upper S p l i t  of t h e  Lower Sunnyside coalbed.  
During 9 months of d e g a s i f i c a t i o n  35 MMcf of methane, w i th  a n  average h e a t  
va lue  of 1,007 B tu ,  has  been removed from the  coalbed.  Kaise r  S t e e l  Co. i s  
now making p lans  t o  u t i l i z e  t h i s  gas a t  i t s  f a c i l i t i e s .  

The 40-pct r educ t i on  i n  t he  emiss ion  of methane from the  f a c e  was n o t  a s  
g r e a t  a s  expec ted .  Add i t i ona l  methane i s  e n t e r i n g  18 Dips from coalbeds above 
and below the  Upper S p l i t  of t he  Lower Sunnyside coalbed.  The geology of 
t he se  coalbeds i s  under i n v e s t i g a t i o n ,  and t h e  r e s u l t s  may c l a r i f y  t he  e f f e c t s  
of t h e s e  methane-bearing s t r a t a  on f a c e  f lows .  
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